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ABSTRACT 



The invented controller is the combination of: an intelligent 
interface to a SCSI bus, a multi-port buffer memory 
manager, a formatter, and a local processor port. With the 
addition of a few components for the device-level interface, 
the invented controller along with a buffer RAM. a local 
processor system, and an optional data separator completes 
a high performance disk, or other mass storage, controller 
subsystem. The invention is particularly directed to (1) the 
dual use of a buffer memory as data buffer storage and for 
storage of instructions to be executed by a SCSI-protocol 
processor, (2) the architecture of the interface to the SCSI 
bus, and (3) the instruction set of the SCSI-protocol proces- 
sor. 

9 Claims, 2 Drawing Sheets 
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FLEXIBLE PROCESSOR-DRIVEN SCSI As shown in FIG. 1. the invented controller 11 comprises 

CONTROLLER WITH BUFFER MEMORY a local processor interface 13, buffer manager 15. disk drive 

AND LOCAL PROCESSOR MEMORY interface 17, Host/SCSI interface 19. SCSI-protocol proces- 

COUPLED VIA SEPARATE BUSES sor 21< formatter 23. and error correction circuitry (ECC) 25. 

3 The buffer manager is coupled to a buffer memory 27, The 

This is a Continuation Application of application Ser. No. local Processor interface is coupled to local processor 31 and 

07/904,807, filed Jun. 26, 1992, now U.S. Pat No. 5,524, local memorv 33 which stor « *e instructions to be 

2gg executed by the local processor 31. Disk drive interface 17 

is coupled to disk drive 37. Host/SCSI interface 19 is 

FIELD OF THE INVENTION io coupled t0 SCSI bus 39 which, although not shown in FIG. 

1, is coupled to the host computer through the host's SCSI 

This invention relates generally to digital computer interface. Excepting for the data, address and control buses 

systems, particularly to disk drive controllers. More between buffer manager 15 and buffer memory 27, also not 

particularly, the invention relates to disk drive controllers shown in FIG- 1 are the various control lines and buses 

which utilize a standard know as SCSI (Small Computer u between the various components. However, the details of 

System Interface) and a newer standard known as SCSI-2. such couplings would be design choices which would be 

readily determinable by persons skilled in the field of the 

SUMMARY OF THE INVENTION invention based upon the descriptions contained herein. 

The invented controller is the combination of: an intelli- Formatter 23, ECC 25, disk drive interface 17 and disk 

gent interface to a SCSI bus. a multi-port buffer memory 20 dri yt 37 **e shown for completeness, but such elements do 

manager, a formatter, and a local processor port. With the QOt ^ orm part of the invented system and, therefore, will not 

addition of a few components for the device-level interface, 06 described herein. 

the invented controller along with a buffer RAM. a local OVERVIEW DESCRIPTION OF ELEMENTS 
processor system, and an optional data separator completes 

a high performance disk, or other mass storage, controller 25 LOCAL PROCESSOR OVERVIEW 

subsystem. The invention is particularly directed to (1) the Local processor 31 provides the invented controller with 

dual use of a buffer memory as data buffer storage and for initial operating parameters that may include disk sector 

storage of instructions to be executed by a SCSI-protocol format the type and size of buffer memory, and SCSI 

processor. (2) the architecture of the interface to the SCSI configuration. During SCSI-protocol negotiations and data 

bus. and (3) the instruction set of the SCSI-protocol proces- 30 transfer operations, the invented controller requires only 

sor. minimal intervention from the local processor. 

It is an object of the invention to create a flexible SCSI The processor to controller communication path can inter- 
disk controller that can execute basic SCSI instructions face to commercially available microprocessors such as the 
within hardware while allowing more complex instructions Intel 80C196 class of controllers or the Motorola MC680xO 
to be created in firmware (or software). 33 scries. 

It is an object of the invention to maximize command The invented controller has centralized status registers 

transfer rates between the host and the SCSI-protocol con- with programmable interrupt mask and steering capabilities, 

troller (the invention). These features allow firmware developers flexibility for 

ItisanobjectoftheinventiontoreUevethelocalharddisk M dther Polled loops, interrupt handlers or control 

micro-controller of the tasks of performing SCSI instruction thrcads to P rovldc me "d-*™* P"*ess control critical in 

processing embedded controller drive applications. 

It is an object of the invention to automatically support SCSI INTERFACE OVERVIEW 

multiple hosts and drivers operating with different data rates SCSI/host interface 19 is designed for compliance with 

and various SCSI protocols. 45 the proposed SCSI-2 specification. A single-cable sixteen-bit 

A still further object is to design an SCSI-protocol pro- SCSI configuration is also supported. This includes sixteen- 

cessor mat efficiently functions despite large arbitration bit transfer in the data phase, sixteen-bit arbitration and 

latencies between the buffer memory and the SCSI/disk sixteen-bit selection phases. 

controller. The SCSI interface logic includes integrated high current 

Another object of the invention is to support Queue Tag 50 drivers for the single -ended option as well as signals to 

message protocol and SCSI Transfer Parameter message control external logic necessary to implement a SCSI system 

negotiations in order to increase the SCSI transaction with differential transceivers. 

throughput. Asynchronous, synchronous and fast synchronous SCSI 

transfer handshake protocols are supported in both Initiator 

BRIEF DESCRIPTIONS OF THE DRAWINGS 55 and Target modes. 

FIG. 1 is a block level diagram of the invented controller ^ SCSI protocol overhead is controlled by the embed- 
in relationship to other elements of a disk drive controller ^ SCSI-protocol processor 21. The SCSI-protocol proces- 
system. sor program and data are stored in the buffer RAM 27. The 

FIG.' 2 is a block level diagram of the SCSI-protocol m T! ^ ^ ^ meauto ^ nl ^ s T 

processor interface. 60 that will be supported. This implementation of the SCSI 

interface helps simplify the local processor's SCSI protocol 

DETAILED DESCRIPTION OF THE firmware and reduces the overall time required for SCSI 

INVENTION transactions. 

Appendix A. filed herewith and entitled CL-SH4500 Wile 65 BUFFER MANAGER OVERVIEW 

E. Coyote Integrated SCSI Disk Controller Engineering Buffer manager 15 controls the flow of data to and from 

Specification, is hereby incorporated by reference. the buffer memory 27. The buffer manager provides support 
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for automated streaming (data flow control) of data between trated DMA channels, including: host data path, disk data 
disk drive interface 17 and SCSI/host interface 19. or for path, processor accesses, SCSI-protocol processor ins true- 
treating these interfaces independently (as in queued com- tion accesses, DRAM Refresh. It supports direct addressing 
mand processing). The buffer manager schedules (using time up to 512 kilobytes of SRAM or 8 MB of DRAM, and 
interleaved access cycles) buffer access requests from each 5 permits concurrent buffer throughput up to 30 MB/second in 
of the independent direct memory access (DMA) channels, DRAM mode and up to 30 MB/second in SRAM mode. It 
including: SCSI data path, disk data path, local processor supports automated host/disk streaming capability with 
buffer access, SCSI-protocol processor instruction access, Over/Under Run protection and minimum burst length sup- 
DRAM Refresh, and any other required channel port. It supports variable-sized circular buffer and variable- 

The buffer manager provides for several types of disk/ io sized segment based caching support It has a automatic 

SCSI streaming operations, with controlled minimum and address pointer reload capability for the host pointer, which 

maximum burst lengths. These streaming operations can use allows fragmented buffers to be linked for un-interrupted 

a variable- size circular buffer or variable- size non- transfers. It has a memory to memory block copy feature, 

consecutive segments (as is convenient for least recently which aids in SCSI response block building end to 

used caching). 13 un -fragment cached data, and a memory to memory block 

Thephysicalbuffermemory 27 niay be implemented with com P arc fcaturc - P rovidcs and SCSI com " 

static or dynamic RAM devices. The buffer manager pro- ^ m features - 

vides all of the necessary address and control signals for THEORY OF OPERATION 
RAM devices and for 8-bit data paths or 16-bit data paths. 

Up to 512 kilobytes of SRAM or up to 8 megabytes of 20 LOCAL PROCESSOR INTERFACE 13 

DRAM can be directly addressed by the invented controller. . 

The local processor 31 can read or write to the scheduled tU * * c f ? Uowin S description, the abbreviated terms have 

access pod, which uses a Local Address Pointer for the me lowing meanings: 
buffer memory address. Each access can be configured to 

increment the Local Address Pointer. 25 ^ address latch enable 

The buffer manager can also perform memory-to-memory AD address/data bus 

block copy and compare operations. The block copy opera- g^t* anted low* 

tion is convenient for de-fragmenting cached memory or for £j£ w^y^ (averted lw> 

manipulating SCSI blocks. The block compare operation is ^ wr* memory write (asserted kw) 

convenient for implementing the SCSI compare record R_W* read not write (read operation wben low, write when high) 

command as well as for implementing buffer memory self- wcs writable control store 

, . BA buffer address 

tests. 



Local processor interface 13 supports commercially avail- 
able local processor interfaces— examples include: 16 Mhz 35 The local processor to controller communication path can 
8051. 12 Mhz 68HC11, 20 Mhz 80C196. 40 Mhz be either a multiplexed address and data bus or a non- 
HPC460X3, 16.67 Mhz MC680x0. It provides a Protected multiplexed address and data bus. The multiplexed bus is 
Area in buffer memory 27 for local processor storage. It similar to that provided by the Intel 80C196 or the Motorola 
supports flexible host and disk interrupt structures for inter- 68HC11. class of controllers. The non- multiplexed bus is 
nipt or polled firmware architectures. It supports a local ^ similar to that provided by the Motorola 680x0 scries of 
processor controlled power down mode with automatic processors. 

wake-up capability. 

Host/SCSI interface 19 supports SCSI-2, SCSI-1, and PROCESSOR TO BUFFER MANAGER 

SASI (the precursor to SCSI Shugart Associates System INTERFACE 

Interface) Target and Initiator modes. It supports both Eight 45 Local processor 31 can read or write the contents of the 

and Six teen-bit SCSI bus widths. It supports sixteen bit-bit data buffer RAM 27 by means of a scheduled buffer memory 

arbitration and selection. access using the invented controllers BUFFER DATA 

The Buffer RAM based SCSI-protocol processor 21 ACCESS PORT. By reading or writing this port the local 

allows the firmware developer to define the automated processor generates an arbitrated buffer cycle request to the 

sequences as well as the automation level of these 50 buffer manager 27, which is allocated asynchronously to the 

sequences. It can be programmed to optimize SCSI over- local processor (regardless of whether it is a read or write 

head processing, or can be programmed to work with memory access). The LOCAL ADDRESS POINTER is used 

minimal changes to existing local processor algorithms. as the pointer into the buffer memory for these accesses. 

The SCSI-protocol processor 21, has self-contained The invented controller will attempt to hold the local 
debugging circuitry including breakpoint and single step 55 processor (using the RDY/DTACK* signal) until the access 
control. It is integrated with buffer manager 15 for Disk/ is complete. If the local processor ignores, or is not con- 
SCSI streaming (data flow control). It supports through nected to the RDY/DTACK* signal, the scheduled access 
parity between the SCSI bus and the buffer memory 27. It will continue and the Buffer Access Byte Ready bit of the 
supports asynchronous transfers up to 4 megabytes/second PROCESSOR ACCESS CONFIGURATION Register 
(or 8 MB/second with sixteen data bits), synchronous trans- 60 should be polled to determine when access has been coni- 
fers up to 5 MB/second ( 10 MB/second transfer with sixteen pleted. In order to write a byte to the buffer memory, the 
data bits). SCSI-2 FAST synchronous transfers up to 10 local processor loads the invented controller's BUFFER- 
MB/second (20 MB/second transfer with sixteen data bits). DATA ACCESS PORT with the data to be written to the 
It supports up to 62 byte synchronous SCSI offsets (to buffer memory 27. This generates a transfer request to the 
support the FAST sixteen-bit data bus environment). 65 buffer manager which will grant a prioritized buffer memory 

Buffer manager 15 includes programmable for eight or access cycle. This request writes to the address pointed to by 

sixteen data bus fines, end independent, automatically arbi- the Local Address Pointer. When the byte has been success- 
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fully written, the BUFFER ACCESS BYTE READY bit of 
the PROCESSOR ACCESS CONFIGURATION Register 
will be set, and the RDY/DTACK* signal will be asserted. 
If the local processor ignores the RDY/DTACK* signal, 
then the scheduled access will continue, and the RDY/ 
DTACK* signal will switch to high-impedance after the 
trailing edge of the write strobe. The invented controller can 
be configured for automatic incrementing after each access. 

Reading a byte from the buffer memory 27 is initiated by 
having the local processor read the BUFFER DATA 
ACCESS PORT. This generates a transfer request to the 
buffer manager 15 which will grant a prioritized buffer 
memory access cycle. This request fetches the byte located 
it the address pointed to by the LOCAL ADDRESS 
POINTER. When the byte has been successfully read the 
BUFFER ACCESS BYTE READY bit of the PROCESSOR 
ACCESS CONFIGURATION Register will be set, and the 
RDY/DTACK* signal will be asserted. 

If the local processor ignores the RDY/DTACK* signal, 
then the scheduled access will continue, and the RDY/ 
DTACK* signal will switch to high-impedance after the 
trailing edge of the read strobe. Hie first byte returned in this 
case does not contain valid data and should be discarded. 
When the Buffer Access Byte Ready bit becomes true (the 
bit is set), then the byte pointed to by the Local Address 
Pointer has been stored in the BUFFER DATA ACCESS 
PORT. When this port is read again by the local processor, 
this read cycle returns the first byte and causes an additional 
automatic request for another buffer memory access. If the 
invented controller is configured for automatic incrementing 
after each access, then this request fetches the byte located 
at the following address. 

SCSI INTERFACE 

The invented controllers SCSI interface contains a SCSI- 
protocol processor 21 which manages SCSI phase changes, 
SCSI message protocols, and controls data transfer across 
SCSI bus 39. The SCSI-protocol processor's operation is 
either controlled by a program stored in buffer memory 27, 
or by the local processor (which issues immediate SCSI- 
protocol processor instructions). 

The following description of SCSI-protocol processor 
operation covers the overall operation of the SCSI-protocol 
processor 21 as well as the major components and the data 
path of the SCSI-protocol processor. 

SCSI-PROTOCOL PROCESSOR OPERATION 

The sequences of the SCSI bus phase transition and any 
process can be programmed into die invented controller's 
SCSI-protocol processor 21, The invented controller's SCSI 
interface 19 contains a built-in processor 21 that executes an 
instruction issued from the local processor or executes a 
program from the buffer memory (without intervention from 
the local processor). These capabilities provide faster bus 
handling, less local processor overhead, with lower firmware 
development costs. 

SCSI-PROTOCOL PROCESSOR INSTRUCTION 
EXECUTION MODES 

The invented controller's SCSI-protocol processor has 
three instruction execution modes: Immediate Execution 
Mode. Single Step Execution Mode, and Program Execution 
Mode. The processing of most SCSI connections will utilize 
the Program and Immediate instruction execution modes. 
The Single Step Execution Mode is provided to support any 
required debugging of SCSI-protocol processor programs. 
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IMMEDIATE EXECUTION MODE 
In the Immediate Execution mode, the SCSI-protocol 
processor executes one instruction (loaded by the local 
processor). This mode can only be used when the SCSI- 

5 protocol processor is not executing instructions in the Single 
Step or Program Execution Modes. 

In order to use this mode, the local processor loads the 
SCSI INSTRUCTION REGISTER with a valid instruction, 
and then sets the Start SCSI-protocol processor Immediate 

10 Execution bit of the SCSI PROCESSOR CONTROL Reg- 
ister. Upon completion of the instruction, or if unexpected 
situations occur, the SCSI processor will reset the Start SCSI 
processor Immediate Execution bit Depending on status, the 
SCSI processor interrupt bit of the SCSI INTERRUPT 

15 STATUS Register or appropriate status bit will be set and a 
local processor interrupt may be requested. The local pro- 
cessor 31 can stop the SCSI-protocol processors operation 
by setting the Stop SCSI processor bit of the SCSI PRO- 
CESSOR CONTROL Register which will also reset the Start 

^ SCSI processor Immediate Execution Bit 

SINGLE STEP EXECUTION MODE 

In the Single Step Execution Made, the SCSI-protocol 
processor 21 will execute one instruction pointed to by the 
SCSI INSTRUCTION ADDRESS Register. This will 

23 include any necessary instruction or data fetches, and the 
calculation of the next address. 

To execute a program step, the local processor 31 loads 
the buffer memory 27 with the desired program, then loads 
the SCSI INSTRUCTION ADDRESS Register with the 

30 starting address of the program, and then sets the Start 
Single Step Execution bit of the SCSI PROCESSOR CON- 
TROL Register. Upon completion of the instruction, or if 
unexpected situations occur, the SCSI processor will reset 
(he Start SCSI processor single step execution bit. Depend- 
ing on status, the SCSI processor interrupt bit of the SCSI 
INTERRUPT STATUS Register or appropriate status bit 
will be set and a local processor interrupt may be requested 
The local processor can stop the SCSI-protocol proces- 
sor's operation by setting the Stop SCSI processor bit of the 
SCSI PROCESSOR CONTROL Register, and this will also 

40 reset the Start SCSI processor single step execution bit 

PROGRAM EXECUTION MODE 
In the Program Execution Mode, the SCSI-protocol pro- 
cessor 21 executes the instructions from the buffer memory 

45 until unexpected situations occur, the SCSI-protocol proces- 
sor 21 executes the Halt instruction, or the SCSI INSTRUC- 
TION ADDRESS Register reaches the SCSI BREAK- 
POINT ADDRESS (and the STOP SCSI PROCESSOR ON 
BREAKPOINT bit is set). 

50 To execute a program sequence, the local processor loads 
the buffer memory with the desired program, then loads the 
SCSI INSTRUCTION ADDRESS Register with the starting 
address of the program, and then sets the START SCSI 
PROCESSOR PROGRAM EXECUTION bit of the SCSI 

55 PROCESSOR CONTROL Register. Upon executing the 
Halt instruction, the START SCSI PROCESSOR PRO- 
GRAM EXECUTION bit of the SCSI PROCESSOR CON- 
TROL Register will be reset Hie local processor can stop 
the SCSI processor's operation by setting the STOP SCSI 

60 PROCESSOR bit of the SCSI PROCESSOR CONTROL 
Register which will also reset the START SCSI PROCES- 
SOR PROGRAM EXECUTION bit 

SCSI-PROTOCOL PROCESSOR INSTRUCTION 
65 SET 

The SCSI-protocol processor Instructions can be orga- 
nized into ten basic categories: a Set and Clear Group; a 
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Compare Group; a Jump and Interrupt Group; a Transfer 
Group; a Disconnect Group; a Miscellaneous Group; and the 
following four categories. 

These categories of instructions (BANK/BUFFER 
TRANSFER* SAP MANIPULATION, REGISTER BANK 
ACCESS, and NUMERIC FUNCTIONALITY) are 
intended to allow the SCSI-protocol processor to support the 
Queue Tag message protocol. The Queue Tag is a SCSI 
message mat is analogous to a job batch number. The Queue 
Tag allows the invention to simply communicate with the 
host or other external devices regarding the tagged process. 
SCSI also requires negotiation for several transfer param- 
eters (data-width, synchronous transfer period, and synchro- 
nous offset). These categories of instructions are intended to 
efficiently access lists or tables to support Queue Tag mes- 
sages and SCSI transfer parameter negotiations. 

BANK/BUFFER TRANSFER 

Six eight-bit registers, RO through R5, allow the SCSI 
processor to access buffer memory 27 in an efficient method 
which minimizes the effects of the access latency of a time 
multiplexed buffer. These instructions access the buffer 
memory starting at the address in the referenced SAP (SCSI 
Address Pointer) register, accessing COUNT bytes of data, 
where the first byte of the access always uses RO. These 
instructions make use of a buffer memory burst access to 
improve total access time. 



Format: OP Code (1 byte) + Operand (1 byte) 

LDRX AP, COUNT 

WRRX AP, COUNT 

AP is either SAP I or SAP2 

COUNT is an 8-bit integer from 1 to 6 



LDRX: This instruction loads sequential buffer memory 
data in the Rx registers based on the eight-bit integer 
COUNT. RO is always the first Rx register loaded from the 
buffer memory location pointed by the AP register. The AP 
register is automatically incremented to point to the next 
sequential buffer memory location for the next sequential Rx 
register to be loaded This action continues for the number 
of times specified in COUNT, so that up to six Rx registers 
may be loaded form the buffer memory. 

WRRX: This instruction sequentially writes the contents 
of the Rx registers into the buffer memory based on the 
eight-bit integer COUNT. RO is always the first Rx register 
written to the buffer memory location pointed by the AP 
register. The AP register is automatically incremented to 
point to the next sequential buffer memory location for the 
next sequential Rx register to be written. This action con- 
tinues for the number of times specified in COUNT, so that 
up to six Rx registers may be written into the buffer memory. 

SAP MANIPULATION 

Some of the following instructions allow the SAP pointers 
to be loaded from, or written to the R1-R0 register pair. 
Another instruction allows the SAP pointers to be copied 
into each other. The final instruction allows an eight-bit 
integer to be added to either SAP for indexed access to a 
given entry. 



Format; OP Code (1 byte) + Operand (1 byte) 

LDSAP AP 
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-continued 

WRSAP AP 
MV16 APa, APb 

ADAP AP, DATA 

5 AP, APa, APb are either SAP1 or SAP2 

DATA is an 8-bit integer 



LDSAP: The contents of register RO will be loaded into 
the least significant bit of the specified SCSI address pointer. 
The contents of register Rl will be loaded into the most 
significant bit of the specified SCSI address pointer. 

WRSAP: The LSB of the specified SCSI address pointer 
will be written into register RO. The MSB of the specified 
SCSI address pointer will be written into register Rl. 

MV16: This instruction copies the sixteen-bit address 
pointer APb into the sixteen-bit address pointer APa. 

ADAP: This instruction adds the eight-bit value of DATA 
to the sixteen-bit address pointer AP. 

REGISTER BANK ACCESS (8-BIT MOVES) 

These instructions allow the Rx registers to be transferred 
within the register bank for the Buffer Access fixed 
sequence. Another instruction allows the external encoded 
SCSI ID to be available in the SCSI FIRST BYTE 
RECEIVED register for later comparisons. 



Format: 


OP Code (1 byte) + Operand (1 byte) 


MVS 


first; Rx 


MV8 


Rx, FIRST 


MV8 


FIRST, n>_OFFSET 




FIRST is the SCSI FIRST BYTE RECEIVED register 




ID_OFFSET is the ID_OFFSET register 




Rx is one of RO, Rl, R2, R3, R4 ? or R5 



35 

MV8: This instruction, in the form (MV a. b), will copy 
the contents of register b into register a. The legal transfers 
are shown above. 



NUMERIC (8-BIT) FUNCTIONALITY 
These instructions provide logical AND, logical OR. 
incrementing and decrementing capabilities to the SCSI 
FIRST BYTE RECEIVED register. 



43 Format: OP Code (I byte) + Operand (1 byte) 
COMPR OP, Rx 
OR DATA 
AND DATA 
INC FIRST 
DEC FIRST 
50 OP specifies a numeric operation, either equal, less than or 

equal to, greater than or equal to, or zero 
Rx is one of RO, Rl, R2, R3, R4, or R5 
DATA is an 8-bit integer 

FIRST is tbe SCSI FIRST BYTE RECEIVED register 



COMPR: This instruction compares the SCSI FIRST 
BYTE RECEIVED register with register Rx as specified in 
the OP field. It performs the same functions as the existing 
COMPD instruction. 

60 OR: This instruction performs a logical OR operation 
between the SCSI FIRST BYTE RECEIVED register and 
DATA. The result of the operation is stored in the SCSI 
FIRST BYTE RECEIVED register. 
AND: This instruction performs a logical AND operation 

65 between the SCSI FIRST BYTE RECEIVED register and 
DATA. The result of the operation is stored in the SCSI 
FIRST BYTE RECEIVED register. 
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INC: This instruction increments the SCSI FIRST BYTE 
RECEIVED register. 

DEC: This instruction decrements the SCSI FIRST BYTE 
RECEIVED register. 

HOST INTERRUPT CAPABILITY 

The SCSI-protocol processor 21. can generate an interrupt 
to the local processor on the Host interrupt (HINT) output 
signed when the local processes attention is required. This 
interrupt capability is enabled by setting the Local HINT* 
Enable (INTERRUPT MODE AND STATUS Register). 
When an interrupt is generated, the local processor can 
determine the source of the interrupt by reading the SCSI 
INTERRUPT WINDOW Register and SCSI INTERRUPT 
STATUS Register. Also the local processor can obtain the 
further information by reading the SCSI CONNECTION 
STATUS Register, the SCSI ERROR STATUS Register, and 
the SCSI VIEWPORT. 

The local processor can also individually steer Buffer 
Manager interrupt status bits to the HOST INTERRUPT 
circuit 

SCSI-PROTOCOL PROCESSOR COMPONENTS 

The invented controller's SCSI-protocol processor 21 
contains many components. Many of these components are 
not local processor accessible and their functions are internal 
to the SCSI processor. This section is devoted to components 
that are user accessible or whose functions are related to the 
user interface and will be described with reference to FIG. 
2. These components are in addition to SCSI-protocol pro- 
cessor 21, SFIFO Interface and TAG WRITE LOGIC 43, 
SCSI FIFO 44, Arbitration Module 45. Select/Reselect 
Module 47, SCSI ID Module 53, Asynch Transfer State 
Machine 49, Synch Transfer State Machine 51, SCSI Clock 
Logic 53 and SCSI P Module 55. Only the important data 
and address buses are shown in FIG. 2. Control signals and 
clock signals are not shown, but the details of such signals 
and their generation should be readily apparent from the 
description provided herein. 

A brief description of the buses and signals shown in FIG. 
2 is as follows: 



SDB[15:0}- a 16 bit databus coupling the SCSI interface to 

the host for output to the host 
5DBI[ 15:0]- a 1 6 bit data bus coupling the SCSI interface to 

the host for input from the host 
SFIFO- a data bus to the SCSI FIFO. 

spb[7:0]- an 8 bit SCSI processor bus. 

BD[15:0]- a 16 bit data bus for transferring data from 

buffer memory to SCSI-protocol processor 21. 
MemAddr[22.-0]- a 23 bit address bus for addressing buffer memory 

27. 

ubus(7:0]- an S bit bus for passing data between the 

components of the invented controller and the 
local processor. 



SCSI PHASE CHANGE CONTROL 
SCSI CONNECTION ENGINE 

A major component of the SCSI-protocol processor 21, is 
the SCSI Connection Engine which includes the Arbitration, 
Selection, and Sclcction/Reselection State Machines. These 
state machines handle the arbitration, selection, reselection 
and bus-initiated selection/reselection phases. They are 
coupled to the SCSI SYSTEM TIME LIMIT Register. FIFO, 
SAP1. SAP2 and SCSI TRANSFER BYTE COUNTER. 
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Arbitration: The SCSI Arbitration process can be started 
by setting the Start Arbitration bit in the SCSI CONNEC- 
TION CONTROL Register. After waiting the appropriate 
bus-free delay, the invented controller ID bit to be driven 
onto the SCSI bus during the SCSI Arbitration phase is 
derived from the encoded value in the SCSI CONFIGURA- 
TION I Register. (Note, an eight-bit system uses only bits 
2:0) If the invented controller loses the arbitration, it will 
wait for die next bus free phase and will repeat the SCSI 
arbitration process until it wins the arbitration. When the 
invented controller wins the arbitration, the SCSI-protocol 
processor will reset the Start Arbitration bit and set the 
Arbitration Won bit. The invented controller will perform 
the appropriate Selection or Reselection process specified in 
the Active Selection/Reselection Task bits (one of Start 
Select. Start Select With ATN. or Start Reselect operations). 

Selection/Reselection: During the selection/reselection 
process, the SCSI ID of an initiator (for reselection) or target 
(for selection) will be driven from the encoded bits 3 :0 of the 
20 SCSI CONNECTION CONTROL Register. (Note, an eight- 
bit system only uses bits 2:0) After completion of the 
selection/reselection process, the SCSI-protocol processor 
will set the Active Select/Reselect Complete bit. If the Start 
SCSI processor Program Execution bit is not set. then the 
25 SCSI-protocol processor will generate a local processor 
interrupt If a SCSI Selection/Reselection Time Out occurs, 
then the Active Selection/Reselection Timed Out bit will be 
set, the Start SCSI processor Program Execution bit will be 
reset and the invented controller can be programmed to 
30 request a local processor interrupt. 

Bus-initiated Selection/Reselection: If the Enable SCSI 
Bus-initiated Selection/Reselection bit is set then the SCSI 
Connection Engine will perform the necessary action to 
respond to bus-initiated selection and reselection. In the case 
of bus-initiated selection, the invented controller can be 
configured as SCSI-1 Mode or SCSI-2 Mode by appropri- 
ately setting the SCSI Type Configuration bit In the SCSI-1 
configuration mode, the invented controller will respond to 
the bus-initiated selection with only its own ID set in the 
40 data bus. In this case, the encoded invented controller's 
SCSI ID will be stored in the FIRST BYTE RECEIVED 
Register. This also supports the SASI and SCSI-1 single 
initiator mode. In the SCSI-2 configuration mode, the 
invented controller will not respond to the bus-initiated 
45 selection with only its own SCSI ID bit set 

After the bus-initiated selection or reselection is 
completed, the appropriate Selected By SCSI Device With- 
out ATN. Selected By SCSI Device With ATN. or Reselected 
By SCSI Device bit will be set. If the Start Arbitration bit is 
so set then it will be reset If the Start SCSI processor Program 
Execution bit is not set, then the SCSI-protocol processor 
can be programmed to generate a local processor interrupt 
When the bus-initiated Selection/Reselection is completed, 
the encoded SCSI ID of the requestor is stored in the FIRST 
55 BYTE RECEIVED Register. If the requestor's ID is not 
available (e.g., single initiator mode), then the invented 
controllers ID will be stored in the FIRST BYTE 
RECEIVED Register. 
Monitoring: The local processor can monitor the current 
60 condition of the SCSI bus by reading the SCSI INTERRUPT 
STATUS, SCSI INTERRUPT WINDOW, SCSI CONNEC- 
TION STATUS, SCSI ERROR STATUS and SCSI VIEW- 
PORT Registers. INFORMATION PHASE TRANSI- 
TIONS. If the invented controller is in the Target Mode, the 
65 SCSI phase can be controlled by the SETP instruction. Also 
the SCSI control signals such as ACK. REQ. ATN and SRST 
can be controlled by the SETX instructions. The SCSI bus 



35 
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monitoring can be performed (or used to control SCSI- 
protocol processor program flow) by using the COMPP 
(compare the phase) or the COMFX (compare control 
signals). 

5 

INTERRUPT ON SCSI CONNECTION CHANGE 

When the controller-initiated or bus-initiated selection/ 
re selection process is completed, end the Start SCSI pro- 
cessor Program Execution bit is set, then the SCSI-protocol 
processor will not generate a local processor interrupt 
Typical usage of this capability is that the local processor 
can program the SCSI processor to wait until the chip- 
initiated or bus-initiated selection/reselection is done and to 
perform the programmed action without requesting a local ^ 
processor interrupt 

SCSI SELECTION/RES ELECTION TIME OUT 

When the invented controller is in the SCSI Selection or 
Reselection phases, the invented controller uses the SCSI 20 
System Timer as a Selection/Re selection Timer. During the 
selection phase, the SCSI System Timer will be reset and 
will start to count when the invented controller enters the 
selection phase. If the selected target doesn't assert the BSY 
signal within the time limit specified in the SCSI SYSTEM 25 
TIME LIMTr Register, then the Active Selection/ 
Reselection Timed Out bit will be set and an interrupt issued 
(if enabled). 

During the reselection phases, the SCSI System Timer 
will be reset and will start counting when the invented 30 
controller enters the reselection phase. If the reselected 
initiator does not assert the BSY signal within the time limit 
specified in the SCSI SYSTEM TIME UMTT Register, then 
the Active Selection/Reselection Hmed-Out bit will be set 
and an interrupt issued (if enabled). 35 

SCSI DISCONNECTION ENGINE 

The SCSI Disconnection Engine performs the sequence 
that is defined by the DISCON2 instruction. That is, change ^ 
the phase to MSG_JN and wait a minimum of 400 nano- 
seconds or 800 ns depending on the previous phase. Then 
send the SAVE DATA POINTER MESSAGE followed by 
the DISCONNECT MESSAGE. 

After sending the DISCONNECT MESSAGE, if the 45 
initiator releases ACK without asserting ATN. the SCSI 
Disconnection Engine will release BSY and disconnect the 
invented controller from the SCSI bus. The Streaming 
Initiated Disconnect Completed bit is set and a local pro- 
cessor interrupt will be issued (if enabled). On the other ^ 
hand, if the initiator asserts ATN before releasing the ACK, 
then the Streaming Initiated Disconnect Failed bit and the 
SCSI processor Interrupt bit will be set and an local pro- 
cessor interrupt can be programmed. 

SCSI PROCESSOR BASE ADDRESS REGISTER 55 

This register contains the most significant 7 bits of 
address for SCSI-protocol processor accesses to the buffer. 
All of the SCSI-protocol processor address resources such as 
the SCSI PROCESSOR INSTRUCTION ADDRESS 60 
REGISTER. SCSI ADDRESS POINTER 1, SCSI 
ADDRESS POINTER 2, and SCSI RETURN ADDRESS 
STACK are 16-bit registers. This allows the SCSI-protocol 
processor to access 64 KB of memory space and the full 
buffer address will be generated by cascading the SCSI 65 
BASE ADDRESS Register with any other SCSI processor 
Address Pointer. 
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SCSI INSTRUCTION ADDRESS REGISTER 

This register contains the address of the next instruction 
to execute in the buffer memory. Upon completion of each 
instruction, this register will be loaded with new address (in 
case of JUMP, CALL, and RETURN instructions) or 
increased by 2 or 4 depending on the length of the instruc- 
tion just executed. Before starting the Program Execution 
Mode of operation, this register should be set to the proper 
location (usually the Bus Idle Service Routine) by the local 
processor. 

INSTRUCTION PREFETCH 

The SCSI processor's instruction prefetch is composed of 
in instruction FIFO. The algorithm for the instruction 
Prefetch is very simple: Read ahead and hold only consecu- 
tive instruction bytes. 

SCSI RETURN ADDRESS STACK 

The SCSI RETURN ADDRESS STACK holds the return 
address for the RETURN instruction. Upon executing the 
CALL instruction, the content of the SCSI PROCESSOR 
INSTRUCTION ADDRESS Register is pushed into this 
stack. When executing the RETURN instruction, the top of 
the stack is popped and copied into the SCSI PROCESSOR 
INSTRUCTION ADDRESS Register. The SCSI RETURN 
ADDRESS STACK can hold up to 4 addresses, and the 
SCSI-protocol processor can execute up to 4 nested subrou- 
tine calls. If the SCSI-protocol processor executes the CALL 
instruction when the SCSI RETURN ADDRESS STACK is 
full or executes the RETURN instruction when the SCSI 
RETURN ADDRESS STACK is empty, then the illegal 
SCSI processor instruction bit will be set and a local 
processor interrupt will be generated, the SCSI-protocol 
processor will be halted, and the Start SCSI processor 
Program Execution bit will be reset 

SCSI INSTRUCTION REGISTER 

This register holds the instruction that is currently execut- 
ing and is coupled to the SCSI-protocol processor instruc- 
tion decoder circuitry. During Program execution, this reg- 
ister is loaded from the external buffer memory locations 
pointed to by the SCSI INSTRUCTION ADDRESS Regis- 
ter (through the SCSI Instruction cache). Before starling an 
Immediate Execution operation, this register should be set to 
a valid instruction by the local processor. 

SCSI ADDRESS POINTER 1 AND 2 

These two registers can be used as a source or destination 
of the SCSI Transfer when executing the XFER instruction. 
Prior to exacting the XFER instruction, these registers 
should be set to proper addresses. If one of these register is 
used as a source or destination of the SCSI Transfer, then the 
content of the register will be increased by two as one byte 
of information (and its TAG) is transferred 

SCSI TRANSFER BYTE COUNTER 

This 24 bit counter contains the total number of bytes to 
be transferred and is used during SCSI Data In and Out 
phases. Prior to starting the SCSI Data Transfer phases, the 
total number of bytes to be transferred from or to the SCSI 
data bus must be written to this register. The value read from 
this counter indicates the number of bytes remaining to be 
transferred across the SCSI interface at the beginning of the 
local processor's read cycle. 
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FIRST BYTE RECEIVED REGISTER 

This register holds the first byte received from the SCSI 
bus when a XFER instruction is executed. The contents of 
this register will be unchanged until executing another 
XFER instruction that receives data from the SCSI Bus. 
When the bus-initiated selection or reselection has been 
completed this register contains the encoded SCSI bus ID of 
the device that selects or re selects the invented controller. 
When the SCSI TYPE CONFIGURATION bit is set for 
SCSI-1 mode and the invented controller is selected or 
reselected with only its own SCSI ID set. the invented 
controller's encoded ID will be stored in this register. 

When executing the COMPD or COMPM instructions, 
the content of this register is compared with the operand. 

EXTERNAL SCSI ID OFFSET REGISTER 

When the invented controller is selected or reselected, this 
four-bit register will be automatically loaded with the 
requestor's encoded SCSI ID by the SCSI ID module. If the 
invented controller is selected or reselected with only its 
own SCSI ID set then the four-bit Offset Register will be 
loaded with the invented controller's encoded ID. 

When the invented controller wins arbitration and is about 
to actively select or reselect another device, the four-bit 
Offset Register will be automatically loaded with the least 
significant four bits of the SCSI CONNECTION CON- 
TROL Register. 

The value in this register is used by the LDAFWO 
instruction. This instruction is typically used to update the 
SCSI Transfer Parameter Tables in the buffer memory and to 
load the SCSI TRANSFER PARAMETER (STP) registers. 

SCSI DATA PATH COMPONENTS 

The major components of the SCSI-protocol processor are 
a 64 byte SCSI FIFO 44 and state machines to handle SCSI 
Asynchronous Transfer and SCSI Synchronous Transfer: 
These state machines are coupled to the SCSI TRANSFER 
BYTE COUNTER, the SCSI SYNCHRONOUS TRANS- 
FER RATE Register, and SCSI SYNCHRONOUS MAXI- 
MUM OFFSET Register 

64 BYTE FIFO 

Internal to the invented controller and transparent to the 
local processor is a 64 byte, bidirectional FIFO 44 used in 
data reads or writes. Whether transferring eight-bit or 
sixteen-bit data, the FIFO is effectively 32 words deep. This 
FIFO acts as a buffer between the SCSI bus and external 
memory during the DMA process, and it also acts as a 
temporary storage during the PIO (processor input/output) 
process. The FIFO is useful for preventing overruns or 
underruns during the DMA process as its status is used to 
control the assertion low of the SCSI REQ* signal as a 
Target or the assertion low of the SCSI ACK* signal as an 
Initiator. 

SCSI INTERFACE CONFIGURATION 

The invented controller's SCSI interface offers a wide 
range of flexibility. The invented controller supports the 
proposed SCSI-2 specification as well as the SCSI-1 speci- 
fication. The invented controller offers a 16-bit data transfer 
mode to increase the data transfer rate up to 20 MB/second 
with the SCSI-2 Fast Synchronous Transfer. Local processor 
31 can also configure the system for a combination of up to 
16 initiator and target devices by enabling the Wide 
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Arbitration. Selection, end Reselection Mode. In order to 
support the SCSI-2 Fast Synchronous Transfer, the invented 
controller's SCSI-protocol processor 21 offers two REQ/ 
ACK de-glitching modes. 

3 WIDE SCSI DATA, ARBITRATION. 

SELECTION. AND RESELECTION 

The sixteen-bit-wide data transfer mode is enabled by 
setting the Wide SCSI Enable bit of the SCSI CONFIGU- 

10 RATION 2 Register. If Wide Transfer mode is enabled, the 
SCSI-protocol processor will automatically transfer sixteen- 
bit-wide data during DATA In and Out phases but eight-bit- 
wide data during all other phases. During sixteen-bit wide 
transfers, the first logical data byte for each data, phase shall 

13 be transferred across the SDB[7* :0*] signals and the second 
logical data byte shall be transferred across the SDB[15*:8*] 
signals. 

The sixteen-bit-wide Arbitration. Selection, Reselection, 
and bus initiated Selection/Reselection mode is enabled by 

20 setting the Sixteen-Bit Connection Protocol Enable bit of the 
SCSI CONFIGURATION 2 Register. In this mode, the 
invented controller will use 16-bit connection protocols. 
That is. the invented controller can possibly connect to one 
of 15 initiator and target devices on the SCSI bus. 

25 When Wide Transfer mode is disabled, the invented 
controller can use the SDB[15*:8*] and SDBHP* as SCSI 
Differential Output Enable signals for SDB[7*:0*] and 
SDBLP* by setting the Eight-bit Differential SDOE Enable 
bit If the Eight-bit Differential Sdoe Enable bit is set, then 

30 the Wide Transfer Mode bit and Sixteen-bit Connection 
Protocol Enable bit must be reset. 

STREAMING DMA TRANSFER 
Prior to starting the DMA transfer, the local processor 

35 must write the SCSI TRANSFER BYTE COUNTER Reg- 
ister with the number of bytes to be transferred. During the 
DMA process, the data to be sent to the SCSI bus comes 
from the external buffer memory through the FIFO, and the 
data received from the SCSI bus is stored in the external 
buffer memory through the FIFO. The DMA process uses 
the FIFO as a buffer to match the different data transfer rates 
between the SCSI bus and the external buffer memory. The 
number of bytes to be transferred is only limited by the size 
of the SCSI TRANSFER BYTE COUNTER. The DMA 

43 process can use Asynchronous or Synchronous Transfer 
Protocols. 

If Disk to SCSI streaming is enabled during the DMA 
process, then the operation of the DMA process is controlled 
by the DIFFERENCE COUNTER Register as well as the 

50 SCSI TRANSFER BYTE COUNTER. When the DIFFER- 
ENCE COUNTER reaches zero, there is no available data to 
send to the SCSI bus and the SCSI-protocol processor halts 
the DMA process by freezing the SCSI bus until new data is 
available from the buffer memory. 

53 If SCSI to Disk streaming is enabled during the DMA 
process, then the operation of the DMA process is controlled 
by the DIFFERENCE COUNTER and the MAXIMUM 
DIFFERENCE THRESHOLD UMTT Registers as well as 
the SCSI TRANSFER BYTE COUNTER. When the DIF- 

60 FERENCE COUNTER reaches the value in the MAXI- 
MUM DIFFERENCE THRESHOLD LIMIT Register 
(which means the external buffer memory is full), the 
SCSI-protocol processor freezes the SCSI bus until the 
external buffer memory has the space to store the data from 

65 the SCSI bus. 

However, freezing the SCSI bus is not an efficient method 
for handling the under-run or over-run of the external buffer 
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memory. The invented controller offers a more efficient DATA BUFFER RAM PARITY 

method for handling these situations^ If the Automatic ^ CODtroller m ^ parity on the exter- 

Disconaecttonmode is enabled, the SCT-protocol proces- ram. The buffer manager interface can be 

sor will be disconnected from the SCSI bus instead of configured to odd parity for each 8-bit data bus. This 

freezing the SCSI bus. The local processor can resume the s * ^Sieck* is^) written along with the 8-bit 

operatxon later by another Selection or Reselectioo. (16-bit) data to a 9-bit (18-bit) wide data buffer RAM. The 

SCSI CLOCK SETUP BUFFER MEMORY DATA PARITY signal(s) is (are) con- 

^ nected to the additional RAM device(s). The invented con- 

The invented controller's SCSI interface uses three troller provides internal nine-bit data paths and FIFO's for 

clocks: the SCSI CLOCK signal, the SCSI processor Clock, » flrough^ariry. If the data source is the SCSI/host interface 

and the SCSI Logic Clock. The SCSI handshake logic is 19 ^ CQ me parity generation ^ dependent on the value of 

driven by the SCSI CLOCK signal. The maximum SCSI ^ SCSI fiUS Parity Ensible bit (of me SCSI M0 DE 

CLOCK signal frequency is 40 Mhz. The SCSI processor CONFIGURATION Register). If this bit is set then the 

Clock is derived from the SCSI CLOCK signal. The maxi- value ^ mc parity received from the SCSI data bus is passed 

mum SCSI processor Clock frequency is 20 Mhz. The SCSI 15 t0 me burfer MEMORY DATA PARITY signal 

CLOCK signal can be directly passed, or divided by two in u ^ bit is rcsct mcn me ^ parity value of ^ ^ 

order to create the SCSI processor clock. This is set in the received from the SCSI data bus is generated inside the 

SCSI CONFIGURATION 1 Register. invented controller and is written out on the appropriate 

The SCSI Logic Clock is derived from the SCSI processor BUFFER MEMORY DATA PARITY signaL 

Clock. In the preferred embodiment the SCSI I^^cClock 20 ^ is ^ ^ from ^ buffer ^ ^ 

frequency must be between 2.5 and 5 MHz (200-400 value ^ ^ eilher tested or ignored. If the buffer 

nanosecond period range). The local processor must set the mem0Ty Parit y Enable bit of the BUFFER CONFIGURA- 

SCSI LOGIC CLOCK PRKCALAR in this range for ^ sct men ^ bit yaluc tom mc 

proper operation on the SCSI bus. The SCSI processor BUFFER MEMORY DATA PARITY signal is tested. 

Clock is divided by the encoded value in the SCSI LOGIC 25 WA _ „ _ _ ul ?7 . . ni _ 

CLOCK PRESCALAR (SCSI CONFIGURATION 1 ^ ^ ^ 

Register) to produce the internal SCSI Logic Clock. " * 



BUFFER MANAGER INTERFACE 



Error bit is held reset. 
30 RAM READ/WRITE ACCESS CONTROL 



Buffer manager 15 controls the allocation of external 

buffer memory 27 between the SCSI data path, the formatter Buffer manager IS accesses the buffer memory data bus 

date path. SCSI-protocol processor 21, and the local pro- to read or to write the contents of the data buffer RAM 27, 

cessor. The buffer manager is responsible for monitoring the or to read the static state of the data bus. The direction of the 

SCSI/Disk streaming and controlling the SCSI interface 19 access must be specified in order to generate the correct 

and the disk interface 17 to prevent data undemins and 35 control signals. SCSI-protocol processor 21, formatter 23, 

overruns. and local processor 31 all use unique methods to specify the 

The buffer manager interface provides the external RAM direction of the access, 

addressing, timing, and control signals necessary for the In the case of SCSI transfers, the read/write control is set 

invented controller to interface with buffer memory. The ^ by the active SCSI-protocol processor command. In the case 

buffer manager interface can also provide for odd parity of formatter transfers, the transfer direction is controlled by 

generation and checking. the Buffer/Disk Transfer Direction bit (FORMATTER 

Buffer manager 15 can control either Static RAM OPERATION CONTROL Register). When this bit is set, the 

(SRAM) or Dynamic RAM (DRAM). The invented control- dato read from the data buffer RAM is transferred to the 

ler is initialized to the SRAM mode. If DRAM operation is 45 Formatter. In order to write to the data buffer RAM from the 

desired then the DRAM/SRAM* bit (BUFFER MANAGER Formatter this bit must be reset 

CONFIGURATION 2 Register) should be set The two In the case of local processor transfers, the local processor 

modes of operation, however, are sufficiently different that control strobe is used in order to determine the transfer 

most of the logic is described in two different sections direction* A read of the invented controller's BUFFER 

depending on the configuration. 50 DATA ACCESS PORT res ults in a read of the data buffer 

RAM. A write to the BUFFER DATA ACCESS PORT 

PROTECTED BUFFER AREA causes a write to the data buffer RAM. 
The invented controller can protect a programmable Given the same direction of data transfer, all read opera- 
amount of the buffer memory, called the Protected Buffer tions are the same regardless of the requesting source. 
Area (PEA), from SCSI Host and Disk DMA processes. This 55 Similarly, all write operations are the same. Both the read 
area is specified by progranirning the Protected Buffer Area and write operation commence when the correct address 
Floor (PBAF). The PBA includes all buffer memory loca- pointer (such as the Disk Address Pointer, or the Host 
tions from the value programmed in the PBAF to the end of Address Pointer) is driven onto the buffer memory address 
the buffer memory. This area can be used for general purpose bus. 

storage, and SCSI processor program storage information. 60 In the case of a read from data buffer RAM 27, the 

If a SCSI Host or Disk DMA process reaches the PBAF MEMORY OUTPUT ENABLE signal is asserted low after 

(such that the HAP or DAP matches the PBAF). the offend- the address is driven onto the address bus. Data must be 

ing process is automatically halted This is considered to be provided from the RAM shortly before the rising (trailing) 

a prograrnming error. The process can be restarted by edge of the MEMORY OUTPUT ENABLE signal. The 

writing to the Clear Disk/Buffer Halt Lockout bit (DAP 65 duration of the MEMORY OUTPUT ENABLE signal is a 

CONTROL Register) or the Clear Host/Buffer Halt Lockout programmable parameter. The WRITE ENABLE signal 

bit (HAP CONTROL Register). remains inactive throughout the entire RAM read access. 
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In the case of a write to the data buffer RAM, the WRITE Compare Operation Start and the Operation Complete hits 

ENABLE signal is asserted low after the address is driven arc set. The comparison assumes that bit seven and the byte 

onto the address bus. The WRITE ENABLE signal should value at the starting address are the most significant bit and 

be connected to the RAM write enable or read/write control byte (respectively). 

pin. Data is driven from the invented controller to the data 5 The Source Greater Than Destination bit is set to one 

buffer RAM shortly after the address is driven. The WRITE when the source block (defined by the source pointers) is 

ENABLE signal is de-asserted high near the end of the greater than the destination block, 

cycle. The duration of the WRITE ENABLE signal is a The Source Less Than Destination bit is set to one when 

programmable parameter. The MEMORY OUTPUT the source block (defined by the source pointers) is less than 

ENABLE signal remains inactive throughout the entire 10 mc destination block. 

The Source Equal To Destination bit is set to one when the 
source block is identical to the destination block. 



RAM write access. 

MEMORY-TO-MEMORY BLOCK OPERATIONS 
There are two memory-to-memory block operations: 



SCSI/DISK STREAMING OPERATIONS 
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copy, and compare. The buffer memory block operations are The invented controller provides circuitry to support two 
executed under the control of Buffer Manager 15. Either the SCSI-to-disk and disk-to-SDSI data streaming methods. 
HOST or DISK ADDRESS and LIMIT pointers may be used with two disk access methods apiece. The invented control- 
for the source address. This is selected in the BLOCK ler can use a completely programmable portion of the buffer 
OPERATION CONTROL Register. Three address pointers space (up to the full buffer) in limited buffer circular 
must be initialized before any Buffer Memory Block Opera- streaming, or perform segment based streaming (which links 
tion is started: The HOST or DISK ADDRESS POINTER non-contiguous buffer segments — which is particularly use- 
should be loaded with the starting address of the source data ful in caching). 

block. The HOST or DISK LIMIT POINTER should be The Host Interface, the Disk Interface, the SCSI-protocol 

loaded with the ending address of the source data block. The processor interface, and the Memory Block Access interface 

LOCAL ADDRESS POINTER (LAP) should be loaded all operate in an adaptive or demand mode. The buffer 

with the starting address of the destination data block. manager transfers up to six bytes (or twelve bytes in a 

Because the LAP registers are utilized during Buffer sixteen-bit buffer data path mode) to or from an interface. 
Memory Block Operations, local processor access to the That is, if the requesting interface has only one byte in the 
buffer memory is not allowed until the Buffer Memory 1Dterna l FIFO or one byte available then a request is issued 
Block Operation is complete. If the source ADDRESS and to the buffer manager 15. By the time that this request is 
LIMIT POINTERS are the DAP and DLP, then disk opera- granted, if additional bytes are available, then these addi- 
tions should not be allowed until the Buffer Memory block tional bytes will also be transferred to or from the data buffer 
operation is complete. RAM (up to the burst limit of six or twelve bytes). Requests 

If the source ADDRESS and LIMIT POINTERS are the 35 m granted in an ordered priority with fairness, such that a 

HAP and HLP. then SCSI data phase access to the buffer high priority request can not monopolize the buffer resource, 

memory should not be allowed until the buffer memory SFIFO Interface and Tag Write Logic 43 appends a tag 

block operation is complete. byte to each data byte received when processing SCSI- 
protocol. The tag byte will provide the local processor the 

MEMORY-TO-MEMORY COPY OPERATION 40 ability to determine the corresponding SCSI phase (input/ 

4 ^ ^ ^ . 4 v „. output, command status, message) and the parity status for 

After initializing the address pointers, the buffer memory ^ b from ^ SCSI bus . ^ mo<Me ^ 

block copy operation is initiated by settmg ^CopyQr^a- mdudcs mc ^ ^ for ^ me sc SI 
non Start bit in the BLOCK OPERATION CONTROL mtcrfacc Md me afi wcU a§ me ^ patn 
Registo At the end of operation ^ Operation Com- mc SCSI-protocol processor and the buffer memory, 
plete bit in the BLOCK OPERATION CONTROL Register 43 <™ T *\ Crtr ^ . , . t . w . ' am 
„ ■„ . . . _ r-p. ... ^ B . ntf . k« *k- i™i SCSI micro-processor Module 55 is the block that gen- 
will be set to one. These bits can be reset by the local . . . . . . . r j * w *. *v 

, ^ ^ _ J 0 , . - erates control signals to correctly transfer data between the 

processor by writing a zero to the Copy Operation Start bit . . £d + x« PT , ' „ . . 

r ^ ' r . . *v r modules of the SCSI protocol processor, as well as signals 

after the operation is complete. , _ , . . „ . *? * . . . ^ M 6 , 

^ for transferring data between the local micro controller and 

MEMORY-TO-MEMORY COMPARE 50 mc SCSI input The SCSI up Module 55 consists of the SCSI 

OPERATION Interrupt Status Register, the SCSI Interrupt Enable 

Register, the SCSI Error Status Register, three SCSI Con- 

The buffer memory block compare operation is very figuration Registers, and decoder logic in order to correctly 

similar to the block copy operation. The source area is generate read, write, and control signals that are output to 

defined by the some address and limit pointers. The desti- 55 internal modules and the local micro-controller, 

nation area start address is defined by the LAP (note that the While the preferred embodiment and various alternative 

length is implied from the source length). The operation is embodiments of the present invention has been disclosed 

initiated by setting the Compare Operation Start bit in the and described in detail herein, it will be obvious to those 

BLOCK OPERATION CONTROL Register. At the end of skilled in the art that various changes in form and detail may 

the operation, the Operation Complete bit in the BLOCK 60 be made therein without departing from the spirit and scope 

OPERATION CONTROL Register will be set to one. These thereof, 

bits can be reset by the local processor by writing a zero to We claim: 

the Compare Operation Start bit after the operation is la controller coupled to a local processor and a local 

complete. processor memory via a first bus for providing an interface 

There are three status bits in the BLOCK OPERATION 65 between a disk drive controller and a SCSI bus. the disk 

CONTROL Register which indicate the result of the com- drive controller having a disk interface, said controller 

pare operation. These bits are only valid when both the comprising: 
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a SCSI-protocol processor having an instruction set which 4. The controller of claim 1. wherein said SCSI-protocol 

provides programmable control for the operation of processor executes a predetermined set of instructions 

said SCSI bus. wherein instructions are provided to adapted to access said buffer memory utilizing a SCSI 

said SCSI-protocol processor from an external buffer Address Pointer. 

memory, said buffer memory coupled to said SCSI- 5 5 ^ COQtroller of claim h wherein ^ SC SI-protocol 

^^£^^^52 prc^essc. has a pluraUty of instruction execution modes. 

drivc,(ii)fordatareadfromsaiddiskdrive,and(iii)for The controller of claim 5, wherein said plurality of 

storing program data and instructions for use by said instruction execution modes are immediate execution mode, 

SCSI-protocol processor, wherein said SCSI-protocol 10 single step execution mode and program execution mode, 

processor executes one instruction in said instruction 7. The controller of claim 1, further comprising an arbi- 

set and requests a next instruction from the external tration circuit for requesting exclusive control of a bus 

buffer memory independently from said local processor coupled to a host computer and repeating the request for 

and said local processor memory; exclusive control of the bus until it is made available to the 

a buffer manager circuit coupled to said external buffer 15 contro j| er 

memory, to said SCSI-protocol processor, and to said on- 1, c ~» ■ - - . • 1 ^, 

disk interf ace, for controlling the flow of data to and *' ^ °° ntrollCT f 7 < fuithcr ^mpnsm^ select/ 

from said buffer memory and allocating space within rcselect for Performing predetermmed actions 

said buffer memory for the storage of program data and necessary to respond to bus-initiated selection and 

instructions for use by said SCSI-protocol processor 20 reflection, wherein for bus-initiated selection, the control- 

and disk interface, wherein control of said external ler is operable in a selected mode, 

buffer memory by said buffer manager circuit is inde- 9. The controller of claim 8, further comprising: 

pendent of the local processor and the local processor M asyndironous logic ^t for p^^g asynchro- 

memory. , . Jt . nous direct memory access data transfers; and 

2. The controller of claim 1, wherein said instructions are 25 J 

provided to said SCSI-protocol processor by a selected one a synchronous logic circuit for performing synchronous 
of the local processor and the external buffer memory. direct memory access data transfers. 

3. The controller of claim 1, wherein said buffer manager 

circuit provides burst data to said SCSI-protocol processor. * * * * * 
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